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Searching topological states in artificial systems has recently become a rapidly growing field of research.
Meanwhile, significant experimental progresses on observing topological phenomena have been made in super-
conducting circuits. However, topological insulator states have not yet been reported in this system. Here, for the
first time, we experimentally realize a tunable dimerized spin chain model and observe the topological magnon
insulator states in a superconducting qubit chain. Via parametric modulations of the qubit frequencies, we show
that the qubit chain can be flexibly tuned into topologically trivial or nontrivial magnon insulator states. Based
on monitoring the quantum dynamics of a single-qubit excitation in the chain, we not only measure the topolog-
ical winding numbers, but also observe the topological magnon edge and defect states. Our experiment exhibits
the great potential of tunable superconducting qubit chain as a versatile platform for exploring non-interacting
and interacting symmetry-protected topological states.
Topological insulators are new states of matter beyond Lan-
dau symmetry breaking theory, signified by topological invari-
ants and topological edge states, and now lie at the forefront of
condensed matter physics [1, 2]. The concept of topological
insulators recently has been intensively studied and also been
expanded to artificial systems, including ultracold atomic [3–
5], photonic [6, 7] and mechanical [8, 9] systems. Neverthe-
less, as a result of the difficulties in extracting the Berry cur-
vature in photonic and mechanical systems and in engineering
edges in optical lattices, it is still challenging to experimen-
tally observe both the topological invariants and the topologi-
cal edge states in a separate artificial topological system.
Superconducting circuits now have become one of the
leading quantum platforms for implementing scalable quan-
tum computation [10–12] and large-scale quantum simula-
tion [13–15]. In particular, topological effects recently have
also been experimentally studied in superconducting circuits.
Specifically, topological concepts have been investigated in
the parameter space of superconducting qubits [16–19] and
the phase space of superconducting resonators [20, 21]; Syn-
thetic gauge fields [22–25] and Hofstadter butterfly [26] have
been realized in a superconducting qubit chain; Topological
phenomena have also been observed in a network of super-
conducting flux qubits [27]. However, due to the challenges in
engineering a topological chain with tunable qubit couplings
and the lack of methods in detecting the topology of the qubit
chain system, topological insulator states still have not been
experimentally observed before in the superconducting sys-
tem.
In this paper, we experimentally demonstrate the first ob-
servation of topological insulator states in a tunable supercon-
ducting transmon qubit chain, which exhibits both the nontriv-
ial topological invariants and topological edge states. Our ex-
periment is based on realizing a dimerized spin chain model,
which supports topologically trivial or nontrivial magnon in-
sulator states dependent on the qubit coupling configura-
tions. We demonstrate that such configurations can be flex-
ibly tuned via parametrical modulations of the qubit frequen-
cies in situ [28–32]. Through exciting one of the qubits in the
chain and then monitoring its quantum dynamics, we further
show that the topological winding numbers can be directly
measured. By tuning the qubit chain with odd and even num-
ber of qubits, the localization and hybridization of topological
edge states are observed respectively. Via locally tuning the
qubit couplings, we also exhibit that a topological defect can
be easily created and probed.
Distinct from previous systems studying the topological
states of non-interacting bosons in a lattice [3–9], the super-
conducting system allows the study of the topological states
of magnons (qubit excitations) in an interacting spin (qubit)
chain, where magnons are bosonic quasiparticle excitations
around the ground state of the spin chain [33, 34] and are in-
teracting hard-core bosons. Although our experiment investi-
gates the single-excitation case and observes the resulted non-
interacting symmetry-protected topological magnon insulator
states, it paves the way for further studying bosonic interact-
ing symmetry-protected topological states [35, 36] when in-
troducing multiple excitations into a longer qubit chain. Re-
alizing interacting symmetry-protected topological states cur-
rently is still a great challenge [37] and can not be achieved in
previously reported non-interacting topological systems [3–
9]. Our experiment represents the first step towards realizing
such states with a qubit chain system.
The experimental model is based on a dimerized spin chain
which describes a one-dimensional spin lattice with two spins
per unit cell and different intracell and intercell hopping am-
plitudes, as shown in Fig. 1a. We implement such a model in
a superconducting qubit chain [38], where each unit cell con-
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FIG. 1: A dimerized qubit chain. a The schematic setup of a
qubit chain, where x denotes the unit cell index. Each unit cell has
two qubits a and b. The intra and inter unit cell couplings are J1
and J2, respectively. b Five cross-shaped transmon qubits (Xmons,
a1, b1, a2, b2, and a3) arranged in a linear array. Each qubit is cou-
pled to a separate λ/4 resonator for simultaneous and individual
readout, and has independent XY and Z controls (labelled as “x”
and “f” respectively).
tains two qubits labelled by a and b. The resulted qubit chain
can be described by the dimerized spin chain Hamiltonian af-
ter rotating wave approximation
Hˆ =
N∑
x=1
(J1σˆ
+
ax σˆ
−
bx
+ J2σˆ
+
bx
σˆ−ax+1 + H.c.), (1)
where x is the unit cell index, N is the number of the unit
cells, J1 and J2 are the intracell and intercell qubit cou-
plings, respectively, and σ+ax (σ
−
ax ) is the raising (lowering)
operator associated with qubit ax. The single-qubit excita-
tion in this spin chain is called a magnon in condensed mat-
ter physics [33, 34]. In the single-qubit excitation case, its
topology is same as of the Su-Schrieffer-Heeger model [39–
42], which has two distinct topological insulator states char-
acterized by topological winding numbers. However, the dif-
ference from the Su-Schrieffer-Heeger model is that the sys-
tem studied in our experiment is an interacting spin chain and
can be further used to realize interacting symmetry-protected
topological states. Moreover, magnons are bosonic quasipar-
ticle excitations around the ground state of the spin chain,
therefore the topological states observed here are associated
with excited states instead of ground states. When the qubit
couplings are tuned into J1 < J2 (J1 > J2), the topologi-
cal winding number ν = 1 (ν = 0) and the system supports
a topologically nontrivial (trivial) magnon insulator state (see
Supplementary Materials).
We implement the experiment in a superconducting cir-
cuit [10, 11, 43] consisting of five cross-shaped transmon
qubits (Xmons, a1, b1, a2, b2, and a3) [44, 45] arranged in a
linear array with fixed capacitive nearest-neighbor couplings,
as shown in Fig. 1b. Each qubit has independent XY and
Z controls. Separate λ/4 resonators with different frequen-
cies couple to individual qubits for independent readouts. The
average qubit T1 ≈ 18 µs and T ∗2 ≈ 17 µs at the fre-
quency sweet spots. We use a Josephson parametric am-
plifier [46, 47], a gain over 20 dB and a bandwidth about
260 MHz, for high-fidelity single-shot measurements of the
qubits. To overcome the readout imperfections, we in addi-
tion use a calibration matrix to reconstruct the readout results
based on Bayes’ rule.
The topologically trivial and nontrivial phases require dif-
ferent qubit-qubit coupling configurations, necessitating full
control of the effective couplings between neighboring qubits.
Tunable couplings through parametrical modulations of the
qubit frequencies can be realized in situ without increasing
circuit complexity [28–32], therefore are ideal for topologi-
cal simulations. We adopt this technique throughout our ex-
periment to realize the required neighboring qubit coupling
strengths as described in Eq. 1.
Explicitly, we apply
ωid = ωo id + εid sin(µidt+ ϕid), (2)
where ωo id is the mean operating frequency, εid, µid, and ϕid
are the modulation amplitude, frequency, and phase, respec-
tively for the qubit id = ax, bx in the chain. By neglecting
the higher order oscillating terms and under the resonant con-
ditions ωo bx − ωo ax = µbx or ωo bx−1 − ωo ax = µax , the
effective coupling strengths are
J1 = gax,bxJ1(αbx)J0(αax)ei(ϕbx+pi/2),
J2 = gbx−1,axJ1(αax)J0(αbx−1)e−i(ϕax−pi/2),
(3)
where Jm(α) is the mth Bessel function of the first kind and
gax,bx is the static capacitive coupling strength between neigh-
boring qubits. Both J1 and J2 can be conveniently tuned via
changing αid = εid/µid of the external modulation. Note
that the qubit at the edge (for example, a1) could be station-
ary without parametric modulation, while the middle qubit
can be parametrically modulated with two independent sinu-
soidal drives in order to tune the coupling strengths with its
two neighboring qubits respectively. The experimental setup,
device parameters, and parametric modulation parameters are
all presented in detail in Supplementary Materials.
We firstly demonstrate that the topological winding num-
ber can be measured by single-magnon quantum dynamics in
a chain of four transmon qubits, provided the qubit chain is
initially prepared in a single-magnon bulk state. This dynamic
method for measuring topological winding number was origi-
nally proposed in a linear-optics system for studying discrete-
time quantum walk [48]. We choose to excite one of the mid-
dle qubits to the excited state |e〉 and leave the other qubits
in the ground state |g〉, leading to an initial state of the sys-
tem |ψ(t = 0)〉 = |gegg〉. After an evolution time t, the
state of the system becomes |ψ(t)〉 = e−iHˆt|ψ(t = 0)〉. To
reveal the relationship between this dynamics and the topo-
logical winding number, we introduce the chiral displacement
(CD) operator Pˆd =
∑2
x=1 x(Pˆ
e
ax − Pˆ ebx) with Pˆ eid = |e〉id〈e|
(id = ax, bx). In the long-time limit, the topological wind-
ing number ν can be extracted from the time-averaged CD,
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FIG. 2: Topological winding number measurements. a and b Schematic of the experiments in which only a1, b1, a2, and b2 are used
without a3. The couplings between neighboring qubits are configured into J1-J2-J1 = 5-1-5 (MHz) (a, topologically trivial) and J1-J2-J1
= 1-5-1 (MHz) (b, topologically nontrivial), respectively. c and d Time evolution of the qubit excitation P eid for id = a1, b1, a2, b2 for the
two different coupling configurations. Dots are experimental data while solid lines are calculated from the ideal Hamiltonian (Eq. 1) with the
measured system decoherence for an initial state |gegg〉. e and f Time evolution of P¯d = (P ea1 − P eb1) + 2(P ea2 − P eb2) for the two cases.
Dots are experimental data (averaged 5000 times), red dashed lines are from numerical simulations, and the black horizontal lines represent
the oscillation centers.
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FIG. 3: Observation of topological magnon edge states. a Schematic of the experiment in which all five qubits have been used. The cou-
plings between neighboring qubits are configured into J1-J2-J1-J2 = 5-1-5-1 (MHz) (topologically trivial) and J1-J2-J1-J2 = 1-5-1-5 (MHz)
(topologically nontrivial), respectively. b and c Two-dimensional representation of time evolutions of all qubits’ excited state populations
[P eid(t)]. d and e Time evolution of P eid. Dots are experimental data while solid lines are calculated from the ideal Hamiltonian (Eq. 1) with
the measured system decoherence for an initial state |egggg〉.
ν = limT→∞ 2T
´ T
0
dt P¯d(t), where T is the evolution time
and P¯d(t) = 〈ψ(t)|Pˆd|ψ(t)〉 is the CD associated with the
dynamics of the single-magnon state (see Supplementary Ma-
terials). As we can see, the topological winding number is
two times the time-averaged CD, i.e., the oscillation center
of the CD versus time. Experimentally, to measure the time-
averaged CD we only need to track the time evolution of the
excitation for each qubit.
In the experiment, as shown in Figs. 2a and 2b, we tune
the qubit chain into two configurations with the qubit cou-
pling dimerization J1 > J2 and J1 < J2, corresponding
to the topologically trivial and nontrivial magnon insulator
states, respectively. After preparing the initial state |ψ(0)〉,
we measure the time evolution (with an interval of 1 ns) of the
qubit excitation of the four qubits and show the experimental
data in Figs. 2c and 2d. The measured excitation evolutions
agree well with the theoretical predictions. Based on these
time-resolved excitation data for each qubit, we directly de-
rive the time evolution of CDs and plot them in Figs. 2e and 2f.
Clearly the two curves oscillate around two different center
values, qualitatively giving the signature of different topolog-
ical winding numbers. The evolution time in our experiment
is chosen as 1 µs, during which the experimentally measured
time-averaged CDs are 0.015 and 0.359 for the topologically
trivial and nontrivial cases, respectively. Both experiments
agree very well with the theoretically expected values 0 and
0.378, giving the experimentally measured topological wind-
ing numbers v = 0.030 and ν = 0.718 for the two cases. The
measured winding number for the topologically trivial case is
quite close to the ideal value.
The reasons for the difference in the topologically nontriv-
ial case between the measured winding number ν = 0.718
and the ideal value ν = 1 are that both the evolution time and
the qubit chain we choose are not long enough and there is
also inevitable system decoherence. Nevertheless, our experi-
mental data within 1 µs agrees excellently with the theoretical
expectation and demonstrates the validness of the method us-
ing single-magnon dynamics to measure topological winding
number. The clear distinction between the measured nontriv-
ial and trivial topological winding numbers thus can unam-
4biguously distinguish the topologically nontrivial and trivial
magnon insulator states.
The second hallmark for topological magnon insulator
states is the existence of topological magnon edge states at
the boundary. When the qubit chain is tuned into the topo-
logical magnon insulator state, according to bulk-edge corre-
spondence [1, 2], topological magnon edge state will emerge
at the edges of the qubit chain. The wavefunctions of the
left and right magnon edge states can be analytically derived
as |ψL〉 =
∑
x(−1)x(J1/J2)xσ+ax |gg · ·gg〉 and |ψR〉 =∑
x(−1)N−x(J1/J2)N−xσ+bx |gg ··gg〉, respectively (see Sup-
plementary Materials). It turns out that the magnon in the
left (right) edge state only occupies the a-type (b-type) qubit
and is maximally distributed in the leftmost (rightmost) qubit.
Such two features provide a mean to observe the topological
magnon edge states. However, the coupling between the left
and right magnon edge states is very large due to finite lattice
size effect, we cannot unambiguously observe the left or right
magnon edge state localization in a short qubit chain. This
problem can be solved by tuning the qubit chain with an odd
number of qubits, where the right topological magnon edge
state has been artificially removed (see Supplementary Mate-
rials).
Now we show that the left topological magnon edge state
can be clearly observed in a chain of five qubits where there
is no right topological magnon edge state (see Supplementary
Materials). As shown in Fig. 3a, we can tune the qubit cou-
plings in a chain of five qubits to make the system topologi-
cally trivial and nontrivial, respectively. Initially, the leftmost
a-type qubit is excited and a single magnon has been put on
the leftmost qubit with the initial system state |ψ(t = 0)〉 =
|egggg〉. Then, we let this magnon state evolve for certain
time and measure the time evolution of the magnon density in
the qubit chain. The results for the qubit chain being tuned
into the topologically trivial state are shown in Fig. 3b. As
expected, there is no magnon edge state localization and the
wavepacket has a ballistic spread versus time, which is a typ-
ical feature of bulk Bloch state. The reason is that the initial
magnon state in this case is a superposition of different bulk
states, therefore, it evolves in the qubit chain via the bulk state
wavepackets and does not support edge state localization.
In contrast, if the qubit chain is tuned into the topologi-
cally nontrival state that can support left magnon edge states,
as shown in Fig. 3c, the measured magnon density is al-
ways maximal in the leftmost qubit. This is because the ini-
tial magnon state |ψ(t = 0)〉 has a large overlap with the
left magnon edge state |ψL〉. The magnon state thus mainly
evolves in the qubit chain based on the edge state wavepacket
and always maximally localizes in the leftmost qubit. More-
over, the magnon only populates the a-type qubits, also sat-
isfying the feature of left topological magnon edge state as
mentioned before. These two features prove the existence of
left topological magnon edge state and clearly indicate that
the system is topologically nontrivial. In Figs. 3d and 3e, we
also find that the measured qubit excitation evolutions agree
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FIG. 4: Observation of topological magnon defect states. a
Schematic of the experiment. The couplings between neighbor-
ing qubits are tuned into J1-J2-J1-J2 = 4-1-1-4 (MHz). b Two-
dimensional representation of time evolutions of all qubits’ excited
state populations. c Time evolutions of P eid. Dots are experimen-
tal data while solid lines are calculated from the ideal Hamiltonian
(Eq. 1) with the measured system decoherence for an initial state
|ggegg〉.
excellently with the theoretical predictions.
The third important topological aspect is the emergence of
a topological defect state at the interface between topologi-
cally trivial and nontrivial regions [39]. When the qubit chain
is tuned with two different topological configurations, a topo-
logical interface separating the topologically trivial (J1 > J2)
and nontrivial (J1 < J2) regions can be created, where a topo-
logical magnon defect state is trapped. As shown in Fig. 4a,
we can create such a defect state at qubit a2 in a chain of
five qubits. The magnon in the topological defect state should
only occupy a-type qubits and its density should be maximally
distributed in qubit a2 (see Supplementary Materials). Experi-
mentally, we initially excite qubit a2 and prepare the system in
|ψ(t = 0)〉 = |ggegg〉. Such an initial state has a large overlap
with the wavefunction of the topological magnon defect state.
If the system has the topological defect state, the magnon will
propagate in the qubit chain via the defect state wavepacket.
In the experiment, after evolving |ψ(t = 0)〉 for certain time,
we measure the final magnon density distribution in the qubit
chain. The experimental results are shown in Fig. 4b and in-
deed indicate that the magnon is maximally localized in the
center qubit a2 and only has populations in the a-type qubits,
unambiguously demonstrating the existence of a topological
magnon defect state. The time evolutions of qubit excitation
for the five qubits are also shown in Fig. 4c, agreeing well
with the theoretical expectations.
In conclusion, our experiment has demonstrated the poten-
tial of a tunable superconducting qubit chain as a versatile
platform for exploring topology, including measuring topo-
logical invariants and observing topological edge and defect
states. Since multiple-qubit excitations can be precisely pre-
pared in this system, our study paves the way for further using
a longer qubit chain to realize interacting symmetry-protected
topological states [35, 36] and probe symmetry-protected
ground state degeneracy [37]. Through periodically driving
the qubit frequencies, non-equilibrium interacting symmetry-
protected topological states also can be studied [49]. Besides,
5it is also quite interesting to study how the topological states
in the qubit chain helps to accomplish topologically protected
quantum information processing tasks [50, 51]. In addition
to superconducting qubits, our experiment can be generalized
to other qubit systems and could attract broad interests in ex-
ploring symmetry-protected topological states with different
quantum computing platforms.
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EXPERIMENTAL DEVICE, SETUP, AND SEQUENCES
Our experimental chip is anchored in an aluminum sam-
ple holder and measured in a dilution refrigerator with a base
temperature of about 10 mK. An additional magnetic shield
is used to cover the device for a clean electromagnetic envi-
ronment. Figure S1 shows the measurement circuitry. For
full frequency manipulation of the qubits, we use one four-
channel arbitrary waveform generators AWG5014C to control
the flux-biases of the qubits a1, b1, a2, and b2. This allows in-
dividual parametric modulation of each qubit frequency. The
flux control line of a3 is terminated with 50 ohm at room tem-
perature and its frequency is at the sweet spot.
Due to the ground plane return currents, there are inevitable
crosstalks (the maximum one in our device is about 10%) be-
tween flux-bias lines and qubits. This crosstalk can be cor-
rected by orthogonalization of the flux-bias lines through an
inversion of the qubit frequency response matrix, leading to
independent control of only the desired qubit without chang-
ing the other qubit frequencies. Since a3 is biased at its sweet
spot and not sensitive to the crosstalk from other qubits’ flux
control, we do the orthogonalization of the flux-bias lines only
for a1, b1, a2, and b2, which appears sufficient for our experi-
ment.
To achieve frequency modulations and fast switches be-
tween the idle and operating points, it is necessary to change
the flux biases in fast time scale. However, the control cir-
cuit to generate the control pulses and wiring outside and in-
side the refrigerator cause finite rise time and ringing of the
flux-control pulses, which need to be carefully calibrated out.
We use the deconvolution method to correct the unwanted re-
sponse in the control system based on the measured response
function of the control circuit.
A two-channel AWG70002A, synchronized with
AWG5014C, is used to realize all XY controls and readouts
of the qubits. Because of its large bandwidth and sampling
rate, AWG70002A can directly generate the qubit control
pulses without extra IQ modulations. In our experiment, the
control of the five qubits do not need to be on simultaneously,
therefore we use fast switches to manage the individual
control of each qubit. The readout signals for individual
qubits are also directly generated from AWG70002A without
extra IQ modulations.
A Josephson parametric amplifier (JPA) [1, 2] at 10 mK is
used as the first stage of the transmitted readout signal am-
plification. The JPA has a gain over 20 dB and a bandwidth
about 260 MHz, therefore, it allows for high-fidelity single-
shot measurements of all qubits individually and simultane-
ously. The readout frequencies of the five qubits are designed
to span a range of about 80 MHz, well within the bandwidth of
the JPA. Mainly due to the mismatch of the dispersive shifts
and the readout resonator decay rates, the two Gaussians in
each qubit’s readout histograms, corresponding to the ground
state |g〉 and the excited state |e〉, are not perfectly separated.
To overcome this readout imperfection, we use a calibration
matrix to reconstruct the readout results based on Bayes’ rule.
Readout resonator frequencies, qubit frequencies, qubit co-
herence times, coupling strengths, and readout resonator de-
cay rates are all presented in Table I. The device fabrication,
the orthogonalization and deconvolution of the flux-bias lines,
the readout histograms, and the calibration matrix to recon-
struct the readout results based on Bayes’ rule are all de-
scribed in detail in Ref. 3.
In our experiment, all qubits are initially at their idle points
and only one of the qubit (dependent on the particular experi-
ment) is prepared in the excited state with a pi pulse. Then fast
step pulses are used to bias the qubits from their idle points to
the operating points quickly, followed by simultaneous mod-
ulations of the necessary qubits to achieve the required cou-
pling configuration for various time t. In the end, fast step
pulses immediately return all qubits back to their idle points
for simultaneous final qubit state measurements to get P eid(t)
(id = a1, b1, a2, b2, and a3). Figure S2 shows an example
of the experimental sequence for the topological edge state
measurement. Table II shows the parameters of the paramet-
ric modulations to realize the required coupling configurations
for the specified experiments. Note that for the experiment to
measure the topological defect state, qubit a2 is modulated si-
multaneously with two sets of  and µ. When we measure the
topologically trivial edge states (Fig. 3b of the main text), we
use almost the identical coupling configuration (see Table II)
as that for the topologically nontrivial edge states (Fig. 3c of
the main text), but with the initial excitation on a3 instead of
a1, i.e., the labellings of the five qubits are reversed and so is
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FIG. S1. Details of wiring and circuit components. The experimental device consists of five cross-shaped transmon qubits (Xmons,
a1, b1, a2, b2, and a3) [4, 5] arranged in a linear array. Each qubit has independent XY and Z controls which are properly attenuated and
low-pass filtered. Separate λ/4 resonators with different frequencies couple to individual qubits for independent and simultaneous readouts.
One four-channel AWG5014C is used to fully manipulate the flux biases of the first four qubits (a1, b1, a2, and b2) while the flux-bias line of
the fifth one a3 is terminated with 50 ohm at its sweet spot. One two-channel AWG70002A, synchronized with AWG5014C, is used to realize
all XY controls and readouts of the qubits. Because of its large bandwidth and sampling rate, AWG70002A can directly generate the qubit
control and readout pulses without extra IQ modulations. The XY manipulation signal is divided and managed through separate RF switches
for selective control of individual qubits. A JPA at 10 mK with a gain over 20 dB and a bandwidth about 260 MHz is used for high-fidelity
single-shot measurements of the qubits. A high-electron-mobility-transistor (HEMT) amplifier at 4 K and an amplifier at room temperature are
also used before the down-conversion of the readout signal to different frequencies with a different generator as LO. To eliminate the readout
signal phase fluctuation, part of the readout signal does not go through the refrigerator and is down-converted as a reference to lock the phase
of the returning readout signal from the device.
the coupling configuration (seen from the perspective of the
initial excitation). This is done only for reasons of simplicity
without changing any underlying physics.
TOPOLOGICAL MAGNON INSULATOR STATES IN A
QUBIT CHAIN
In the experiment, we realize a dimerized spin chain model
in a superconducting qubit chain, where each unit cell con-
tains two qubits labelled by a and b. The resulted qubit chain
can be described by the dimerized spin chain Hamiltonian,
3TABLE I. Device parameters.
Parameters a1 b1 a2 b2 a3
Readout frequency (GHz) 6.839 6.864 6.879 6.901 6.919
Qubit frequency (GHz) (sweet spot) 4.811 5.156 4.901 5.183 4.602
T1 (µs) (sweet spot) 20.0 17.0 14.8 17.9 20.0
Ramsey T ∗2 (µs) (sweet spot) 18.5 16.0 17.0 15.0 19.9
Anharmonicity (MHz) 199.70 181.53 196.77 212.05 188.13
Adjacent qubit coupling strength gj/2pi (MHz) 16.70 17.50 17.50 16.85
Qubit-readout dispersive shift χqr/2pi (MHz) 0.17 0.26 0.20 0.20 0.12
Readout resonator decay rate κr/2pi (MHz) 0.88 1.06 1.23 0.88 0.85
TABLE II. Parameters of the parametric modulations to realize the required coupling configurations for various experiments.
Parameters a1 b1 a2 b2 a3
Qubit operating frequency (GHz) 4.811 5.120 4.901 4.680 4.602
Qubit center frequency for parametric modulation (GHz) 4.760 4.940 4.830 4.680 4.602
ε for topo. defect state (MHz) 131.52 14.73, 38.38 38.17
µ for topo. defect state (MHz) 181.19 107.16, 162.23 70.71
ε for topo. trivial edge state (MHz) 34.82 77.33 40.03 49.17
µ for topo. trivial edge state (MHz) 171.04 100.62 161.66 71.10
ε for topo. nontrivial edge state (MHz) 35.02 76.83 40.48 49.17
µ for topo. nontrivial edge state (MHz) 171.38 100.92 161.71 71.75
ε for topo. nontrivial winding number (MHz) 37.03 77.02 36.30
µ for topo. nontrivial winding number (MHz) 171.59 102.57 160.92
Operating frequency for topo. trivial winding number (GHz) 4.811 5.128 4.901 5.183
Center frequency for topo. trivial winding number (GHz) 4.780 4.930 4.830 4.990
ε for topo. trivial winding number (MHz) 140.65 17.72 129.12
µ for topo. trivial winding number (MHz) 156.18 108.74 172.71
b1      |  𝑔
a2      |  𝑔
b2      |  𝑔
a1      |  𝑔
a3      |  𝑔
πpulse
Flux Pulse
Readout
FIG. S2. Experimental sequence for the topologically nontrivial
edge state measurement. This is an example of the experimental
sequence for Fig. 3c in the main text. All five qubits are initially
at their idle points and a1 is prepared in the excited state by a pi
pulse. In the following, fast step pulses are used to bias the qubits
(except for a3) from their idle points to the operating points quickly
and then the frequency modulations are on simultaneously to achieve
the required coupling configuration for various time t. In the end, fast
step pulses immediately return all qubits back to their idle points for
simultaneous final qubit state measurements to get P eid(t).
Eq. 1 in the main text. We omit the constant qubit frequencies
and only consider a singe-qubit excitation. Because the num-
ber of excitations is conserved in our model, the dimerized
spin chain Hamiltonian can be reduced to the single-excitation
subspace. In condensed matter physics, this single excitation
is called a single magnon [6, 7]. Based on the Matsubara-
Matsuda transformation [8], the qubit chain can be described
with the following magnon Hamiltonian
Hˆ1 =
N∑
x=1
(J1aˆ
†
xbˆx + J2bˆ
†
xaˆx+1 + H.c.), (S1)
where αˆ†x = σˆ
+
αx (α = a, b) is the magnon creation opera-
tor for qubit at ax (bx), J1 and J2 are the intracell and inter-
cell qubit couplings, respectively, and N is the number of unit
cells. To study its topological feature, we rewrite Eq. S1 in
the momentum space as Hˆ1 =
∑
kx
mˆ†kx hˆ(kx)mˆkx , where
mˆkx = (aˆkx , bˆkx)
T , aˆkx and bˆkx are the momentum space
operators, and
hˆ(kx) = dxτˆx + dy τˆy, (S2)
with dx = J1 + J2 cos(kx), dy = J2 sin(kx), and τˆx and τˆy
being the Pauli spin operators defined in the momentum space.
The topology of the dimerized qubit chain in the single exci-
tation case is same as of the Su-Schrieffer-Heeger model [9]
and can be characterized by the topological winding number
ν =
1
2pi
∫
dkxn× ∂kx , (S3)
4where n = (nx, ny) = (dx, dy)/
√
d2x + d
2
y . Through a
straightforward calculation, we find that
ν =
{
1, J1 < J2;
0, J1 > J2 .
(S4)
The winding number ν = 1 (0) shows that the above qubit
chain is in the topologically nontrivial (trivial) magnon insu-
lator state.
THE RELATIONSHIP BETWEEN THE SINGLE-MAGNON
DYNAMICS AND THE TOPOLOGICAL WINDING
NUMBER
It has been previously demonstrated that topological wind-
ing number can be dynamically detected via single-particle
discrete- and continuous-time quantum dynamics [10, 11]. In
the following, we will show that such a method also can be
used in a chain of superconducting qubits [12]. We choose to
excite one of the middle qubits to the excited state |e〉 and the
other qubits are all in the ground state |g〉. Thus, the initial
state of the system is
|ψ(0)〉 = |gg · · · e · · · gg〉. (S5)
The quantum dynamics of this single-excitation state is gov-
erned by the Hamiltonian in Eq. S1. After an evolution time
t, the state of the system becomes
|ψ(t)〉 = e−iHˆ1t|ψ(0)〉. (S6)
The relation between the above quantum dynamics and the
topological feature of the qubit chain can be revealed through
the chiral displacement (CD) in the qubit chain. The CD op-
erator is defined as
Pˆd =
N∑
x=1
x(Pˆ eax − Pˆ ebx), (S7)
with Pˆ eid = |e〉id〈e| (id = ax, bx). Then the time-dependent
average of the CD associated with the above single-excitation
quantum dynamics is given by
P¯d(t) = 〈ψ(t)|Pˆd|ψ(t)〉. (S8)
Furthermore, we transfer Eq. S8 into the momentum space
and get
P¯d(t) =
1
2pi
∫ pi
−pi
dkx〈ψ(0)|eihˆ(kx)ti∂kx τˆze−ihˆ(kx)t|ψ(0)〉.
(S9)
By substituting Eq. S2 into Eq. S9, we find P¯d(t) is tied
closely with the topological winding number ν defined in
Eq. S3, i.e.,
P¯d(t) =
ν
2
− 1
4pi
∫
dkx cos(2dtt)n× ∂kxn, (S10)
where dt =
√
J21 + J
2
2 + 2J1J2 cos(kx). In the long time
limit, we can obtain the relationship between the winding
number and the time-averaged CD [10–12], i.e.,
ν = lim
T→∞
2
T
∫ T
0
dt P¯d(t). (S11)
Therefore, the time-averaged CD value depends on the topol-
ogy of the band structure of the qubit chain.
WAVEFUNCTION OF ZERO-ENERGY TOPOLOGICAL
EDGE STATES
According to the bulk-edge correspondence for topologi-
cal states, the existence of edge states is a seminal feature
associated with topological insulator states. In the follow-
ing, we will show that the topological qubit chain supports
zero-energy topological edge states. Firstly, we show that the
wavefunction of the zero-energy state in an dimerized spin
chain can be exactly derived, even in the absence of transla-
tional invariance. For this purpose, we consider a generalized
spin chain model with its Hamiltonian written as
Hˆ ′ =
N∑
x=1
(uxσˆ
†
ax σˆbx + wxσˆ
†
bx
σˆax+1 + H.c.), (S12)
which breaks the translational invariance. Suppose the wave-
function of the zero-energy state is
|ψE〉 =
∑
x
[λ(ax)σˆ
†
ax + λ(bx)σˆ
†
bx
]|G〉, (S13)
where |G〉 = |gg · · · · · · gg〉 is the vacuum magnon state. By
substituting this wavefunction into the Schro¨dinger equation
H ′|ψE〉 = 0, when ux < wx and in the thermodynamic limit,
we can get two solutions
λ(ax) =
x−1∏
j=1
− ux
wx
λ(a1), λ(bx) = 0;
λ(bx) = −uN
wx
N−1∏
j=x+1
− ux
wx
λ(bN ), λ(ax) = 0. (S14)
For the standard translational invariant dimerized spin chain
model, ux = J1 and wx = J2, and we can derive the wave-
functions of the left and right zero-energy edge states as
|ψL〉 =
∑
x
(−J1
J2
)xσˆ†ax |G〉;
|ψR〉 =
∑
x
(−J1
J2
)N−xσˆ†bx |G〉. (S15)
It is found that the magnon in the left (right) edge state only
occupies the a-type (b-type) qubit and its density is maximally
distributed in the leftmost (rightmost) qubit. This feature has
been clearly demonstrated in Fig. 3c of the main text.
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FIG. S3. The energy spectrum of a qubit chain for even (a) and odd
(b) number of qubits. There are two in-gap edge modes for even
number of qubits. In contrast, there is only one in-gap edge mode for
odd number of qubits. The insets show the density distribution of the
edge states. The parameters are chosen as J1 = 1 MHz and J2 = 5
MHz.
THE INFLUENCE OF QUBIT LATTICE SIZE ON
OBSERVING THE TOPOLOGICAL MAGNON EDGE
STATES
In Fig. S3a, we have calculated the energy spectrum of the
qubit chain versus even number of qubits. There are two in-
gap topological magnon edge modes in this case. When the
qubit chain is very long, we find that the two in-gap edge
modes are degenerate with zero energy. The densities of such
two modes mostly populate the leftmost and rightmost qubits,
yielding the left and right topological magnon edge states
|ψL〉 and |ψR〉 respectively. However, due to finite lattice size
effect, there is a coupling between the left and the right edge
states in a short qubit chain. Suppose the coupling strength is
te, and based on Eq. S15 we can get
te = 〈ψL|H|ψR〉. (S16)
This coupling leads to a splitting of the two degenerate zero-
energy edge modes into two non-degenerate edge modes. This
can be directly seen in Fig. S3a. The result for the four-qubit
case shows that there is an energy gap (' 2te) between the two
in-gap edge modes. Since the edge state coupling te decreases
exponentially with the increase of the qubit number, the gap
becomes much smaller when the qubit number increases and
quickly can not be distinguished, as shown in Fig. S3a. In this
case, the wave functions of the two in-gap edge modes are no
longer |ψL〉 and |ψR〉, but become hybridizations of these two
modes, i.e.
|ψ˜L,R〉 = (|ψL〉 ± |ψR〉)/
√
2. (S17)
The corresponding densities of the edge states |ψ˜L〉 and |ψ˜R〉
would not maximally populate the left and right ends of the
qubit chain respectively. Instead they both maximally popu-
late the two ends of the qubit chain, as shown in Fig. S3a. For
the parameters chosen in Fig. S4, we numerically find that the
critical qubit number when the edge state coupling and the
hybridization phenomenon vanish is 86.
In the experiment, we have observed the edge state cou-
pling and the hybridization phenomenon in a qubit chain with
four qubits. Fig. S4a shows the schematic of the experiment.
The couplings between neighboring qubits are first configured
into J1-J2-J1-J2 = 1-5-1-5 (MHz) (topologically nontrivial)
as in Fig. 3 of the main text. Then the modulation on the
fourth qubit (b2) is turned off. Due to the vanish of this mod-
ulation, a3 is then decoupled from the first four qubits and
the coupling between a2 and b2 is also expected to become
larger. However, due to the topological protection, this small
imperfection does not affect the appearances of the topologi-
cal magnon edge states.
Initially, we prepare a single-magnon state by exciting the
leftmost qubit a1 into an excited state, i.e. |ψ(t = 0)〉 =
|eggg〉. After that, we measure the time evolution of this
single-magnon state in the qubit chain. The experimental
result is shown in Fig. S4, which indicates that the magnon
firstly mainly populates the leftmost qubit and finally evolves
to the rightmost qubit. This is because there is a coupling be-
tween the left and right edge states in a short qubit chain, in
good agreement with theoretical calculations from the ideal
Hamiltonian (Eq. 1 in the main text) for an initial state |eggg〉
with the coupling configuration J1-J2-J1 = 1-5-1.1 (MHz)
and the system decoherence. Thus the coupling between the
left and right edge states can not be ignored in a short qubit
chain and can lead to edge state hybridization.
A direct method to eliminate the coupling between the left
and right edge states and to only observe edge state localiza-
tion is to perform the experiment in a long qubit chain, which
however is not the case for our current device. We solve this
problem through an alternative way by using a qubit chain
with an odd number of qubits. In this case, the rightmost qubit
has been removed, and the system only supports the left edge
state while the right edge state has been eliminated. We have
numerically demonstrated this point in Fig. S3b. One can find
that there is only one in-gap zero-energy mode in a qubit chain
with an odd number of qubits, with its density maximally pop-
ulating the leftmost qubit, regardless of the exact qubit num-
ber. In a chain of five qubits, we have experimentally observed
that the left magnon edge state only maximally localizes at the
leftmost qubit. The experimental results are shown in Fig. 3
of the main text.
60
0
0.2
0.4
0.6
0.8
1
e
idP
time (ns)
250
500
750
1000 a1
b2
a2
b1
Qub
it id
1000
800
600
400
200
0
tim
e 
(ns
)
1.0
0.8
0.6
0.4
0.2
0.0
a1 a2b1 b2
J1 J2 J1a1 a2b1 b2
1M 5M 1.1M
e
idP
Qubit id
(a)
(b)
(c)
FIG. S4. a Schematic of the experiment for the edge state measure-
ment in which only four qubits have been used with the excitation
initially on a1. The couplings between neighboring qubits are first
configured into J1-J2-J1-J2 = 1-5-1-5 (MHz) (topologically non-
trivial) as in Fig. 3 of the main text. Then the modulation on the
fourth qubit (b2) is turned off, without which a3 is decoupled from
the first four qubits and the coupling between a2 and b2 is expected
to increase. b Two-dimensional representation of the time evolutions
of all four qubits’ excited state populations P eid(t) (id = a1, b1, a2,
and b2). In this case, the population is not localized on a1 only and
can be transferred to b2 as expected, in sharp contrast to the edge
state behavior in Fig. 3c of the main text. c Time evolution of P eid.
Dots are experimental data while solid lines are calculated from the
ideal Hamiltonian (Eq. 1 of the main text) for an initial state |eggg〉
with the measured system decoherence and the coupling configura-
tion J1-J2-J1 = 1-5-1.1 (MHz).
WAVEFUNCTION OF ZERO-ENERGY TOPOLOGICAL
MAGNON DEFECT STATES
The topological qubit chain also supports the zero-energy
topological magnon defect state [9]. Such a state is generated
at the interface between the topologically trivial (J1 > J2)
and nontrivial (J1 < J2) regions. In this case, the qubit lat-
tice breaks the translational invariance. Suppose the interface
is located at qubit axe and based on Eqs. S13 and S14, we
can derive the wavefunction of the zero-energy topological
magnon defect state as
|ψS〉 =
[ ∑
x<xe
(−J1
J2
)xe−x +
∑
x≥xe
(−J1
J2
)x−xe
]
σˆ†ax |G〉.
(S18)
This shows that the magnon in the topological defect state
only occupies a-type qubit and its density is maximally dis-
tributed in qubit axe at the interface. Our experimental data,
plotted in Fig. 4 of the main text, show exactly this expected
behavior.
COMPARISON BETWEEN EXPERIMENTAL DATA AND
THEORETICAL EXPECTATIONS IN TWO-DIMENSIONAL
PLOTS
To have a clearer comparison between experimental data
and theoretical expectations, we show two-dimensional plots
in Fig. S5 of all data in Figs. 2(c), 2(d), 3(d), 3(e), and 4(c) of
the main text and in Fig. S4(c). All experimental data agree
well with theoretical expectations.
MORE SIMULATIONS WITH DIFFERENT COUPLING
CONFIGURATIONS
To further illustrate the topological phases shown in the
main text, we have performed more detailed simulations
with system decoherence for different coupling configura-
tions. The results are shown in Figs. S6-S8 and demonstrate
clearly the expected topologically trivial and nontrivial behav-
iors respectively.
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FIG. S7. Simulated observation of topological magnon edge states with system decoherence for coupling configurations J1-J2-J1-J2=3-1-3-1
(1-3-1-3) (MHz) [a (c)] and J1-J2-J1-J2=7-1-7-1 (1-7-1-7) (MHz) [b (d)], respectively.
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FIG. S8. Simulated observation of topological magnon defect measurements with system decoherence for coupling configurations J1-J2-J1-
J2=3-1-1-3 (MHz) (a) and J1-J2-J1-J2=7-1-1-7 (MHz) (b), respectively.
